Postscript. Owing to present conditions I have not yet been able to see a further paper by Piekarski (1940) , Arch. Mikrobiol. 11, 460, on positive Fuelgen 'nucleoids' in the resting and germinating spores of Bacillus mycoides. As far as could be ascertained, its contents confirm, but repre sent no significant advance on, the results of Stille (1937) .
For the same reasons a recent well-documented description of nuclear structures in Proteus vulgaris by Neumann, F. (1941) , Zbl.
Abt. 11, 103, 385, only came to my notice when the present paper was already in the press. Using Giemsa's stain and Feulgen's method, this author obtained clear pictures of homogeneous ' nucleoids ' and in some cases of chromatinic dumbbell bodies. There is thus good agreement between his findings and those of the present investigation, but differences of interpretation are apparent in the two accounts.
H eterochrom atin in Triton These segments show the same type of allocyclic behaviour as do similar segments in Paris, Trillium and Fritillaria. They form Feulgen-positive chromocentres in all diffuse nuclei except pachytene, which is diffuse in Triton.
The availability of nucleic acid at the stage when the chromosomes normally spiralize is now shown to be a condition of that spiralization. The diffuse pachytene without chromocentres is followed by meiosis with unspiralized heterochromatin: the diffuse resting nucleus with chromocentres is followed by mitosis with spiralized heterochromatin.
With certain exceptions heterochromatin seems to be confined to those parts of chromosomes where chiasmata and crossing-over rarely occur.
I ntroduction
Longitudinal differentiation of the chromosomes is a condition under lying genetic analysis. This differentiation is visible equally a t the pachy tene stage of meiosis and in the salivary-gland chromosomes of Diptera. The typical chromosome a t metaphase, however, is optically homogeneous. We know th a t this anomaly results from certain adaptations concerned with cell division. The chromosomes spiralize and become charged with nucleic acid preparatory to their anaphase movement on the spindle (Caspersson 1937, Summary; Darlington 1935; Darlington and U pcott 1939; et alii) . Centromeres and nucleolar organizers are frequently visible because they do not behave like the other parts of chromosomes.
Since the work of Henking (1891) on the Hemipteran Pyrrhocoris, it has been known th a t the sex chromosomes of many insects and mammals ' con dense ' precociously during the spermatocyte prophase and then stain with basic dyes as intensely as the autosomes do a t first meiotic metaphase. This reaction was termed heteropycnosis by Gutherz (1907) . Hei introduced the morphological term heterochromatin to describe a particular kind of ' chromatin ' which was distinguishable from another kind of chro matin, euchromatin, in its staining properties a t telophase and prophase of mitosis. He a t first thought th a t heterochromatin was specifically con cerned with sex, but this view has since been discarded.
The problem of this reaction and substance has been extended and clari fied by the work of Darlington and La Cour (1938 , 1940 , 1941 . They find th at certain regions of the mitotic chromosomes of species of Paris, Trillium and Fritillaria which appear euchromatic a t metaphase when the plants are kept a t normal temperatures, are heterochromatic when the plants are kept a t low temperatures. These regions exhibit the phenomenon of heteropycnosis in th a t they are over-condensed in resting nuclei. Darlington and La Cour (1940) have accordingly introduced the term allocycly to describe the specific reaction (heteropycnosis) of the specific substance (heterochromatin) in terms of spiralization and nucleic acid charging. Similar conditions have now been found to obtain in the newt, Triton spp.
Material and methods
Mitoses were studied in the tail tips of larval Triton vulgaris collected and reared at Merton. Adult males of Triton vulgaris, T. palmatus and T. cristatus, collected in a pond on Ranmore Common, Surrey, in the spring of 1940, supplied meiotic material. These males were placed on damp moss after the breeding season, and their testes were fixed during the early summer.
Acetic alcohol was found to be the most suitable fixative for Triton. Material was subsequently stained in iron aceto-carmine or by means of the Feulgen technique, tapped out on a slide and covered. Slides were made perm anent according to the technique of La Cour (1937) . The Feulgen technique was used only for mitotic material and as a test for nucleic acid. The hydrolysis involved in this technique causes the huge meiotic chromo somes to soften and contract, whereas with aceto-carmine they are well preserved.
Tail tips were examined untreated, after immersion in colchicine solution, and after exposure to low tem peratures. I t is difficult to analyse metaphase plates in the untreated larvae because the spindle is narrow and the chromosomes are crowded on its periphery. A few cells in larvae immersed in 1 % colchicine solution for 2 days were suitable for examination of the individual chromosomes, since the spindle is suppressed and the slightly super-spiralized chromosomes lie spaced out in the cytoplasm.
Temperature treatm ent, however, was the basis of manipulation. The minimum cold exposure to show heterochromatin is 3 days. Abnormal spindles arise in the mitotic cells of larvae exposed to 3° C (Barber and Callan, unpublished). The rate of entry of resting nuclei into mitosis falls off a t low temperatures. I t is thus rare to find analysable diploid complements which have reached metaphase spiralization while under the action of low tem peratures. The only exposure which was found suitable therefore was one of 3 days' duration.
Testicular material was examined untreated and after exposure to low tem perature. Temperatures of 3-6° C inhibit spindle formation in testis cells w ithout preventing first spermatocytes a t pachytene from reaching metaphase spiralization. Some material was fixed after 2-8 days of this treatm ent, but it was found th a t the bivalents were more easily examined when lying stretched on a spindle. This condition was realized by re moving the newts from the refrigerator after 2 days a t 6° C and then keeping them for 2 hr. a t 18° C before fixing the testes.
By varying tem peratures it is therefore possible to pu t the bivalents on or off the spindle as required for observation or experiment and at the same time control their spiralization and nucleic acid metabolism.
Mitosis
The mitotic chromosomes of Triton vulgaris kept a t 18° C are shown in the upper column of figure 1. The larva had been given colchicine treat ment, consequently the chromosomes are somewhat super-spiralized and some have widely separated chromatids. There are six pairs of large chromosomes with median (M), two pairs of large chromosomes with submedian ( S) . three pairs of small chromosomes with submedian (5 ) and a single pair of small chromosomes with median (m) centromeres. Three pairs have secondary constrictions, two ill's and one S. Similar constrictions have been described by Parm enter (1920) The mitotic chromosomes of a typical cold-treated larva are shown in the lower column of figure 1. I t will a t once be seen th a t the number of constrictions has increased enormously. So far as one can judge they are constant from cell to cell in one individual larva: this complement has 74. Almost all of the constrictions are crowded into the proximal regions of the chromosomes. Each constriction is very short unless stretched during preparation. Through it the deeply stained euchromatin segments are joined by a thinner under-stained strand just as in the plant material of Darlington and La Cour. The constrictions present in untreated material, and those induced by the action of low temperature are heterochromatic segments. They are deficient in nucleic acid and they produce a spiral of narrower diameter than th a t of the euchromatin.
They have the same type of allocycly as heterochromatic segments in plants. Thus resting epidermal nuclei have Feulgen-positive bodies lying in the region around the polar depression, i.e. close to the centromeres, which represent the over-condensed phase of the heterochromatic segments (figure 2).
The distribution of heterochromatin in Triton vulgaris closely corresponds to th a t found in laria pudica (Darlington and La Cour 1941) . This plant species also has in the main short proximal segments.
The full development of under-stained regions, i.e. of nucleic acid deficiency, is first found in a few cells of larvae kept for 3 days a t 3° C. Many cells are held a t metaphase owing to anaphase suppression, but only those which have developed right through from the preceding resting stage in F ig u r e 2. Resting nucleus the cold give the complete expression. Cells which of epithelial cell of Triton vulga were m prophase when the treatm ent started show .. c ,
tion 0chromocentres
ill-defined heterochromatic segments. These are around the polar depresvisible as slight constrictions, but they stain al-si°n-Feulgen. x 1800. most as intensely as euchromatin. The effect of heterochromatin on anaphase can only be checked when larvae held a t low tem peratures for 3 or 4 days are released for an hour at room tem peratures before fixation. A few cases of the sticking observed by La Cour in Paris and Trillium (1938, 1940) were noticed. Other spindle abnormalities exist, however, and these make interpretation uncertain.
Meiosis
The normal meiotic chromosomes of Triton and T. are shown in the upper columns of figures 3 and 4. The two species have generally similar complements. They differ in th a t T. palmatus has only one pair of large chromosomes which are markedly submedian (S ), and no small median pair. Both species have distally localized chiasmata. T. palmatus has more extreme localization than T. vulgaris (Callan and Roller, unpublished) .
While lying on the spindle a t first metaphase, the bivalents stretch somewhat unevenly, giving slight indication of the position of the heterochromatin segments. Klingstedt (1936) has described similar constrictions in the normal meiotic chromosomes of the grasshopper Chrysochraon. The heterochromatin interpretation might also be given to the constrictions seen a t anaphase in the grasshopper Stenobothrus by Belar (1928, figure  266 ). Belar interpreted these constrictions as indicating places where the chromatids had broken at crossing-over.
In great contrast with this normal-temperature behaviour is th at of the bivalents which have passed from pachytene to metaphase while under the influence of low tem perature. Those shown in the lower columns of figures 3 and 4 have been subjected to 2 days a t 6° C followed by 2 hr. at 18° C (see plate 13). As explained earlier, the meiotic spindle is inhibited at 6° C, and the short release before fixation was given in order th a t spindles should be formed.
The heterochromatin segments are often as clearly defined as they are in mitosis. They are completely Feulgen-negative. Each consists of a very thin non-staining strand between two blocks of euchromatin. Forty such segments are visible in the cell from T. vulgaris, and eighteen in th a t from T. palmatus. I t is not possible to arrive a t any conclusions about the eohstancy of regions from cell to cell, nor about possible hybridity. Only those segments which are seen from a suitable aspect can be identified with certainty. The segments are so short th a t in unstretched bivalents they are frequently obscured by nearby coils of the euchromatin spiral, and such segments resemble the constrictions between successive gyres. A greater proportion are rendered visible when the bivalents are stretched on a spindle, bu t one is never able to count as many segments a t meiosis as at mitosis.
The unstained regions undergo great stretching in single-chiasma bivalents and in bivalents which are slow to separate a t anaphase owing to their having formed more chiasmata than usual. Despite the fact th a t they are so much weaker than euchromatin in resisting longitudinal stress, no cells have been observed in which breakage has occurred. Nevertheless, it must be recognized th a t these segments constitute a source of weakness to the continuity of the chromosome thread, and th a t infrequent breakages a t these points would provide the variation necessary for the play of selection.
Chromosomes at second meiotic metaphase also exhibit heterochromatic regions, if they have arisen from the preceding interphase under the action of low tem perature. They are unsuitable for study, since they are small and greatly contracted.
The resting stage nuclei between spermatogonial divisions contain Feulgen-positive bodies similar to those in resting epidermal cell nuclei. The same is true of first and second spermatid resting nuclei. Pachytene is the last critical diffuse stage before first meiotic metaphase. This stage, unlike all other diffuse stages, does not contain nucleic acid aggregates. It is clear from the examination of a few cold-treated meioses in Triton cristatus th a t this species also possesses proximal heterochromatic regions. It is, however, unsuitable material for a study of heterochromatin, since the first spermatocytes show much less localization of chiasmata than do those of T . vulgaris or T. palmatus. Chiasmata are formed in regions heterochromatin is present also. Darlington and U pcott (1941) have suggested th a t the so-called 'in e rt' genes situated in heterochromatin segments are concerned with the m eta bolism of nucleic acid necessary for the efficient working of the cell cycle. If this is the case, we may presume th a t all organisms carry such inert genes, and we must ask ourselves w hat are the factors which determine th a t heterochromatin should be visible a t metaphase in one organism and not in another. Darlington and La Cour (1940) have discussed the phenomenon of allocyclic behaviour in terms of the 'supply and dem and' of nucleic acid. Little need be added to their account. The detection of heterochromatin depends primarily on passing below the concentration threshold for the differential supply of nucleic acid during the prophase stages. Some organisms perform the natural experiment. P arts of the sex chromosomes of male Orthoptera and Mammalia, etc., show a t certain stages and in certain cells the typical properties of heterochromatin. The same is true of certain individuals of Mecostethus grossus (Callan, unpublished) where proximal regions of certain of the autosomes behave as heterochromatin at meiosis, although they are not distinguishable a t the metaphase of mitosis.
The detection of heterochromatin
Low tem perature is probably merely one of the agents which could assist in the detection of heterochromatin. When low tem perature is the agent used, two conditions m ust be satisfied:
(а) A tem perature m ust be applied sufficiently low to pass below the nucleic acid threshold, when the competition between genes for their supply of nucleic acid (this will be discussed under Mecostethus) results in the less 'active' genes obtaining little or none.
(б) The cell must be able to reach metaphase from a diffuse stage whilst under the influence of low temperature.
When an organism does not exhibit heterochromatin after a certain treatm ent, the conclusion to be drawn is not necessarily th a t it possesses no heterochrom atin; one or other of these conditions may not have been satisfied. Thus from their work on root-tip mitoses of Trillium, Darlington and La Cour have shown th a t this plant possesses heterochromatin. Coldtreated pollen-grain divisions show no heterochromatin, however, owing to the enormous length of time between the previous diffuse stage and the pollen-grain metaphase. This period has never been covered by the treatm ent.
The newt provides very favourable meiotic material for the demonstra tion of heterochromatin. Its upper tem perature limit is 6° C, at which tem perature all processes but spindle formation continue. Also important is the fact th a t pachytene is a diffuse stage and lengthy treatm ent is thus unnecessary: only the pachytene-metaphase period needs to be covered.
H eterochromatin and spiralization
I t has been suggested th a t heterochromatic regions do not have a spiral structure (Muller and Prokofieva 1935). W hite (1940) has shown th a t this view is manifestly inapplicable to the sex chromosomes of Orthoptera. Darlington and La Cour come to the same conclusion in their work on Paris and Trillium (1940) and in fact state th a t 'nucleic acid seems to have no necessary relation to spiralization'. The proximal heterochromatin segments in the autosomes of Mecost (Ca approximately the same diameter of cross-section as euchromatin regions, and they may thus be considered to have the same type of spiral structure as euchromatin. Similarly, heterochromatin visible at mitosis in Triton, though of smaller diameter of cross-section th an euchromatin, is con siderably wider than the earliest prophase threads and thus probably has a spiral structure.
The heterochromatin visible in Triton a t meiosis, however, is as thin as the leptotene or zygotene threads, despite fixation in acetic alcohol and staining in aceto-carmine, a technique which swells the chromosomes. W hen stained by means of the Feulgen technique, the tiny strands joining blocks of euchromatin are entirely unstained and in fact invisible. I am therefore convinced th a t neither minor nor major spirals exist in these regions. In the light of this evidence we must reconsider the relationship between nucleic acid and spiralization.
The sex chromosomes of O rthoptera spiralize while they are heavily charged with nucleic acid. I f they become under-charged during meiosis, the loss of nucleic acid occurs during diakinesis and metaphase and subse quent to spiralization. The same is true of the autosomal heterochromatin in Mecostethus. A t no stage are the heterochromatic regions of Paris, Trillium and Fritillaria completely negative to Feulgen, and we can thus presume th a t nucleic acid is always present during spiralization in these species.
During meiosis in Triton subjected to low tem perature, the heterochromatic regions are completely negative to Feulgen throughout diplotene, diakinesis and metaphase, while in the diffuse pachytene stage there are no Feulgen-positive chromocentres. This fact and the absence of spiralization may be connected. We may in fact suppose th at, while heterochromatin may or may not assume a spiral state, if it is utterly deficient in nucleic acid throughout the cell cycle, it cannot spiralize. This conclusion has im portant chemical and physical implications when we attem pt to analyse the molecular mechanics of the chromosomes.
I t is of interest to note th a t Paris a species closely related to the P. polyphylla which has spiralized heterochromatin, has at mitosis thin thread-like regions very similar to those found in Triton at meiosis (Darlington and La Cour 1940) . This argues against any major inherent difference between spiralized and unspiralized heterochromatin. I t is a character of the cell, not of the segment.
H eterochromatin and chiasma localization
Darlington has suggested th a t heterochromatin will develop in those parts of the chromosomes where chiasmata are rarely formed. When p art of a chromosome fails to form chiasmata, recombination of the genes in this part is thereby prevented and these genes will finally m utate to inert ness. The relationship between chiasma localization and heterochromatin regions is, however, complex (see table 1 Darlington has put forward the further hypothesis th a t in such species as these the blocks of heterochromatin occurring in chiasma-forming regions are adapted to regulate the cross-over frequency in active regions nearby. The proximal heterochromatin in the X-chromosome of Drosophila
